J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets © Publicati ™ numbe ^ 0 326 426 81 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 21.12.94 © Int. CI. 5 : B29C 61/00, A61 L 31/00, 

^ C08L 67/04 

fe) Application number: 89300839.1 

@ Date of filing: 27.01.89 



(£> Plastic molded articles with shape memory property. 



© Priority: 2&01.88 JP 17574/88 


© Proprietor: JMS Co., Ltd. 


© Date of publication of application: 


12-17 Kako-Machi 


Naka-ku 


02.08.89 Bulletin 89/31 


Hiroshima 730 (JP) 


© Publication of the grant of the patent: 


@ Inventor: Kawai, Tatsuya 


21.12.94 Bulletin 94/51 


40-28-202 Suzugamine-Cho 




Nishi-Ku 


© Designated Contracting States: 


Hiroshima 733 (JP) 


DE FR GB IT NL SE 


Inventor: Matsuda, Takashi 




3-4-25-301 Kogo-kita 


© References cited: 


Nishi-Ku 


EP-A- 0 061 783 EP-A- 0 105 775 


Hiroshima 733 (JP) 


EP-A- 0 202 090 GB-A- 1 123 445 




US-A- 3 797 499 US-A- 4 053 548 




US-A- 4 523 591 US-A- 4 665 906 


© Representative: Crisp, David Norman et al 




D. YOUNG & CO. 




21 New Fetter Lane 




London EC4A1DA (GB) 



CD 

to 
eg 

CO 
<M 
CO 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
w may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
£L shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
HI has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 

13.10/3.09/3.3.31 



EP 0 326 426 B1 



Description 

This invention relates to plastic molded articles with a shape-memory property. More particularly this 
invention relates to shape-memory molded articles consisting of essentially homopolymers or copolymers 
5 of lactide or glycolide and also relates to applications thereof. 

A variety of metallic alloys which exhibit a shape-memory property are known in the art. Examples of 
such metallic alloys include Ti-Ni, Ni-AI, Ag-Cd, Au-Cd and the like. Of these alloys, Ti-Ni alloy, exhibiting 
good mechanical properties and chemical stability, has been investigated for its medical applications as a 
biocompatible functional material. The applications for this metallic alloy include staples for joining bone and 
w for hollow organ anastomosis, wherein the metallic alloy product is capable of recovering a memorized 
shape on heating by the body temperature and of retaining a constantly stable strength. A device for 
preventing blood vessel obstruction is disclosed in JP-A-89859/1982; a medical capsule is disclosed in JP- 
A- 163309/1 982; a blood vessel expander is disclosed in JP-A-82976/1987, and an artificial blood vessel with 
rings is disclosed in JP-A-220648/1987. Furthermore, an application for a clip for cerebral aneurysm has 
75 been proposed. 

In addition to the metallic alloys, it is also known that certain polymeric materials exhibit the property of 
shape memory. As for polymers with a shape-memory property, an invention related to norbornene 
polymers is disclosed in JP-A-53528/1984 (corresponding to EP-A-0 105,775.) 

One of the major problems associated with the prior art shape memory metallic alloys and polymers, at 
20 least in terms of their use in medical applications, is that they are non-biodegradable. Therefore, the 
products formed from the shaped molded materials remain in the patient's body, even after the desired 
results have been achieved. Often, a second operation or other medical procedure is needed to remove the 
used materials, exposing the patient to increased risks of complication and adding to the cost of the overall 
procedure. 

25 Accordingly, it is the aim of the present invention to provide molded products formed from polymeric 
materials which exhibit a shape memory property and are also biodegradable which are useful in medical 
applications. 

Various preferred features and embodiments of the invention will now be described below. 
This invention provides molded articles formed from polymers which are biodegradable and exhibit a 
30 shape-memory property and also provides a variety of medical devices utilizing such molded articles. The 
molded articles of this invention consist essentially of homopolymers of lactide or glycolide or copolymers 
thereof, and have their shape fixed by a deformation treatment after being molded to a desired shape. 

Medical devices made of homopolymers of lactide or glycolide or copolymers of lactide and glycolide 
are disclosed in, interalia, US-A-3,797,499, 4,523,591, and 4,603,695 and the biodegradability of these 
35 materials is already known. However, there had heretofore been no description of their shape-memory 
property. The present invention is based on the new discovery that the molded articles formed from 
homopolymers of lactide or glycolide, or copolymers thereof exhibit a shape memory effect. 

Shape-memory molded articles of this invention are obtained by molding the aforementioned polymers 
into a desired shape, memorizing the shape by heating the polymers and keeping them at a prescribed 
40 temperature, if necessary, deforming the products to another shape by heat-softening to an extent to make 
deformation possible, and then cooling the products to fix them in the deformed state. The shape memory 
molded articles of this invention can be used for tissue suture devices, devices to prevent blood vessel 
obstruction, blood vessel expanders, cerebral aneurysm clips, medical capsule devices, artificial blood 
vessels with rings, hemostatic clips and the like. 
45 The shape-memory molded articles of this invention, having once memorized a shape, can recover 
exactly or approximately the initially memorized shape upon heating again, even after being deformed at a 
temperature lower than that for the shape memorizing. In addition, the shape memory molded articles of 
this invention, consisting essentially of homopolymers or copolymers of lactide glycolide, are absorbed by 
the patient's body after a certain period of time, making subsequent removal unnecessary, 
so The invention will now be described by way of example with reference to the accompanying drawings, 
in which: 

Figure 1 is the frontal view of a staple for tissue suturing. 

Figure 2 is a frontal view of another example of a staple for the same purpose. 

Figures 3, 4 and 5 are perspective views of devices for prevention of blood vessel obstruction, 
55 sometimes referred to as obstruction preventers, or blood vessel expanders. 
Figure 6 is the cross-sectional view of a medical capsule device. 
Figure 7 is a perspective view of a clip for cerebral aneurysm. 
Figure 8 is a frontal view of another example of a clip for cerebral aneurysm. 
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Figure 9 is a perspective cross-sectional view of an artificial blood vessel with rings. 

Figures 10 and 11 are the frontal views of the rings of the artificial blood vessel illustrated in Figure 9. 

Figure 12 is the oblique view of a hemostatic clip. 

The shape-memory molded articles of this invention consist essentially of homopolymers of lactide or 

5 glycolide or copolymers of lactide and glycolide. When copolymers of lactide and glycolide are used to 
form the molded products, the copolymers preferably consist essentially of a composition of 90 - 10 mol.% 
lactide and 10 - 90 mol% glycolide, and most preferably consist essentially of 80 - 20 mol.% lactide and 20 
- 80 mol% of glycolide. Within these specified ranges, the copolymers exhibit desirable deformation 
characteristics. For example, the copolymers are more pliable and readily deformable at lower temperatures 

70 when their mole ratio of lactide and glycolide approximates to 1:1. 

In addition, the shape-memory molded articles may additionally include additives such as coloring 
agents, stabilizers, fillers and the like, in an amount such as will not alter the desired shape-memory and 
biodegradability properties of the molded articles. 

The homopolymers or copolymers of lactide or glycolide of this invention can be prepared in 

75 accordance with the processes described in, for example, JP-B-7796/1967 (corresponding to GB-A- 
1,040,168), JP-B-1 3595/1 970 (corresponding to US-A-3,442,871 ), and JP-B-1 4688/1 981 (corresponding to 
US-A-3,839,297). The polymers of this invention exhibiting the shape-memory property should exhibit a 
molecular weight in the range of 1 ,000 - 1 ,000,000 and preferably should have a molecular weight above 
10,000, in order to achieve good mechanical strength. 

20 In the production of the molded articles of this invention, a molded article with the shape to be 
memorized is prepared first. Plastic molding methods well known to those in the art can be used to form 
the articles of the present invention. Examples of molding techniques include melt molding, solution 
molding and the like. Injection molding, extrusion molding, compression molding and other methods can 
also be used as the melt molding technique. In one solution molding technique, the polymer is dissolved in 

25 a solvent, formed into the desired shape, and then coagulated by contact with a coagulating substance, 
such as water or alcohol, which can dissolve the solvent but cannot dissolve the polymer. In another 
solution molding technique, a polymer solution is given a desired shape and is then solidified by drying the 
solvent. 

The molded articles prepared as above and then deformed retain the memory of their original shape. 

30 By heating and maintaining the molded articles in a deformed state at a prescribed temperature for a 
prescribed period of time, the newly deformed shape can be memorized. The latter method of memoriza- 
tion is useful in cases where a delicate modification of the memorized shape is needed, for example when 
production of molded articles, each piece with a different memorized shape, is required; and molding of an 
intended shape by use of a mold is difficult. Application of the foregoing molding methods makes the 

35 shapes that can be memorized by the molded articles of this invention, useful not only for articles such as 
wires, films bars, and boards, but also for complicated shapes such as coils. 

After the molded product with the desired shape is formed, the product is deformed at a deforming 
temperature. The product is then hardened by cooling. The thus prepared molded articles automatically 
recover their originally memorized or nearly-so shapes on heating at a prescribed temperature. In addition, 

40 after a certain period of time after their application, the molded products are degraded and eventually 
disappear altogether. 

The temperature for deformation treatment of a molded product with a previously memorized shape is 
one that makes possible ready deformation without producing cracks and does not exceed the temperature 
adopted for the shape memorization. Deformation treatment at a temperature exceeding that for the original 

45 shape memorization will cause the object to memorize a new deformed shape. There are no particular 
limitations on the manner in which the deformation can be achieved. Deformation can be achieved either by 
hand or by means of a suitable device selected according to the shape, size, thickness and other desirable 
characteristics of the molded products. Deformation by heating can be accomplished either by means of 
heaters of a special design or under an atmosphere of a suitable hot gas or liquid. 

so Cooling is required for fixation of the deformed shape. The cooling temperature must be one at which 
the molded products do not cause plastic deformation. Preferably the cooling temperature is 20 *C or below 
for general cases, although the temperature may differ depending upon the particular polymer employed. 

In order to keep the shapes as fixed, the shape-memory molded products of this invention must be 
stored at a temperature which will not cause plastic deformation of the polymers. Preferably, the shape- 

55 molded memory products are stored in a refrigerator. In addition, because homopolymers and copolymers 
of lactide or glycolide hydrolyze on absorption of water, after drying they should be kept in a container 
made from a water-vapor nonpermeable material, such as aluminum, as a barrier against water vapor in the 
air. Another acceptable way of forming a barrier. against water vapor is to submerge the molded products in 
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high-purity ethyl alcohol or propyl alcohol. 

Releasing a molded product from deformation to recover the originally memorized or nearly-so shape 
can be achieved by heating. On heating, preferably at a temperature of about 30 - 100* C, the deformation 
is automatically released and the memorized shape recovered. The higher the temperature for heating, the 

5 shorter the time for recovery of the originally memorized shape. The means for this heating is not limited. 
Like the heating for deformation treatment, heating can be accomplished by using a gas or liquid heating 
medium, heating devices, ultrasonic waves, or the like. Of course, in an application involving a living body, 
care must be taken to utilize a heating temperature which will not cause burns. When a liquid heating 
medium is used, physiological saline solution or alcohol is preferable. In addition, in applications involving a 

70 living body, heating with body heat is possible. In the latter case, the temperature for shape memorization 
should be as low as possible. The recovery of the memorized shape occurs fairly slowly. 

However, when there is a risk that the shape recovery will begin through a lengthy procedure, higher 
shape-memory temperature is preferable in order to make the shape recover at a slightly higher tempera- 
ture than the bodily temperature. 

75 Because the molded articles of the present invention readily recover the originally memorized shapes, 
they are particularly useful in applications where the mounting, assembling, introduction or other aspects of 
handling the objects in their initial shapes, are difficult. In use of the molding articles of this invention, a 
memorized shape is temporarily deformed to make the mounting or assembling of the object easier, and is 
recovered after the handling. In addition, the molding articles of this invention, having the properties of 

20 retaining mechanical strength for a certain period of time and then of decomposing for absorption by the 
living body, are very useful in medical applications that require disappearance of the molded article after a 
prescribed period of time. 

The time required for the molded article to be completely absorbed by the living body will differ, 
depending in part on the composition of the polymer, its molecular weight and the contents of the 

25 monomers or oligomers. In general, for a homopolymer of glycolide, deterioration and disappearance of the 
molded product will occur in about one to three months; for a homopolymer of L-lactide or D-lactide, in 
about one to three years respectively and for a homopolymer of DL lactide, in about three to six months. 
For copolymers of lactide and glycolide, the period of time until absorption falls between those described 
above, with the tendency that copolymers with a considerably high mol.% of glycolide show the periods 

30 similar to those for homopolymers of glycolide as above, and copolymers with a very high mol.% of lactide 
show periods close to those for homopolymers of lactide as above. 

Figure 1 illustrates an example of a staple for tissue suturing, wherein (a) illustrates a memorized shape, 
and (b) illustrates a deformed shape. When two tissues to be sutured are brought together, they are pricked 
with both ends of a staple in the (b) form, and the staple is then heated to recover the (a) form. In this 

35 fashion, the tissues are sutured and fixed together. The tips of the staple are preferably sharpened as 
illustrated in the Figure 1 . 

Figure 2 shows another example of memorized shape of a staple. A staple with both ends somewhat 
bent inward from the right angle like this can retain a considerable strength. 

Figure 3 illustrates a device for prevention of blood vessel obstruction or expansion of a constricted part 

40 of a blood vessel. The illustration (a) shows a memorized shape that is coil-shaped. The device with this 
shape is deformed to a straight bar as shown in (b) or to a coil of a smaller diameter, fixed in the deformed 
shape, inserted into a blood vessel, and then heated to recover the memorized shape of (a), thus enabling it 
to prevent blood vessel obstruction or expand the constricted part of a blood vessel. In this example of a 
coll-like memory shape, it is difficult to obtain the memory shape directly by molding a coil-shaped article. 

45 Therefore, the article is first molded into a bar and then formed into a coil by winding the molded bar 
around a cylinder, heated, with heating maintained for a predetermined time, preferably at a suitable 
temperature exceeding 40 *C, to effect the memorization of the coil shape. 

Figure 4 and Figure 5 illustrate other examples of devices for preventing blood vessel obstruction or for 
expanding constricted blood vessels. In both figures, (a) illustrates a memorized shape, and (b) a deformed 

50 and fixed shape for insertion into a blood vessel. The device shown in Figure 4, having a cut through the 
length of the cylinder, is deformed by circumferential compressing and fixed in the shape. The device 
shown in Figure 5, with a simple cylinder shape, is deformed by diametrical compression to form a pleated 
smaller diameter form and fixed in the shape. 

Figure 6 illustrates a capsule device containing a drug. The device comprises: a capsule proper 2 with 

55 a bottom and an opening; a lid 3 attached to the opening of the capsule proper; a movable part 6; and an 
actuator 1 . The movable part 6, having the outer surface with the same shape as the inner surface of the 
capsule proper 2, can slide back and forth in the capsule proper. When the movable part 6 is positioned at 
the right side as shown in (a), a drug-containing cavity 4 is formed to contain a prescribed amount of a 
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drug. There is a through hole 5 at the bottom of the capsule proper 2. In this capsule device, the actuator 1 
is a shape-memory molded product of this invention; which has the memory of an extended shape as 
shown in (b) of the figure. The actuator, deformed and fixed to the shrunken form as shown in (a), is 
assembled into the capsule, and the drug is charged into the drug-containing cavity. The capsule in this 
5 condition is taken by a patient or surgically placed in the body. On heating the capsule when necessary, the 
actuator 1 stretches as shown in (b) pushing the movable part 6 and extrudes the drug through the hole 5, 
thus effecting administration of the drug to a desired location of the patient's body at a desired timing. Use 
of a capsule device wholly made of bioabsorbable materials can give rise to the desirable result that the 
entire capsule automatically degrades after its application. 
w Figure 7 and Figure 8 illustrate two examples of cerebral aneurysm clips. An example of a shape to be 
memorized is shown in Figure 7, and another example in Figure 8 (a). The manners for their application are 
the same in both examples: during a craniotomy, arteries are closed by placing deformed clips on the part 
of cerebral aneurysm that should be prevented from rupture and then letting the clips recover the closed 
shape. If the blood vessels or nerves are erroneously clipped together, the original open shape of the clips 
75 can be recovered by heating and clippings are made again. Figure 8 illustrates these procedures. A clip 
with the memorized shape of (a) is deformed to the opened shape of (b) in which the arms of the clip are in 
mutually opposite positions. After being placed on the part of cerebral aneurysm, the clip is caused to form 
a clip of shape (c) to close the artery. When wrong blood vessels or nerves are clipped together or any 
inadequate clipping is made, heating can cause the clip to recover the shape of (a) by the shape-memory 
20 effect so that the clip can be easily freed as shown in (d). 

Figure 9 illustrates an example of using this invention for the rings to be attached to an artificial blood 
vessel with rings. An artificial blood vessel with rings consists of an artificial blood vessel proper 9, made of, 
for example, knitted polyester and other fibers, and rings 10 and 10' attached to both ends of the artificial 
vessel. Each ring is covered with a ring cover, which, as shown in the drawing for example, has a 
25 circumferential groove 12 or 12 in the middle to make possible easier fixation of the ring to a natural blood 
vessel. This artificial blood vessel with rings is used for the purpose of strengthening a natural blood vessel 
by its insertion into the inside of a blood vessel part that is in danger of puncture due to cerebral aneurysm 
or the like. This ring is made as a shape-memory molded product of this invention. As an example of 
memory shape, either a perfect ring or a partly cutout ring as shown in Figure 10 (a) may be adequate. In 
30 application, the ring is circumferentially compressed to a smaller diameter in the case of Figure 10; and for 
a perfect ring, it is diametrically compressed to a smaller diameter as shown in Figure 1 1 . Thus, owing to 
the diameter contraction at the ends, insertion of an artificial blood vessel into a natural blood vessel can be 
made easier than conventional methods. On heating after the insertion into a blood vessel, the rings recover 
their original larger diameter effecting tight contact with the inner wall of the blood vessel; next, the blood 
35 vessel is fastened from outside for fixation at the positions of ring grooves 12 and 12'; and finally the incised 
part of the blood vessel is closed by suturing. 

Figure 12 illustrates an application of this invention for a hemostatic clip. The memorized shape is 
shown in (b), and its deformed shape in (a). Before its application the clip is in the state of (a). A blood 
vessel part in question is placed at the opened part of the clip, which on heating closes to the shape as 
40 shown in (b) to effect hemostasis. 

Examples of various types of medical devices as applications of the shape-memory molded products of 
this invention have heretofore been explained, however, this invention is by no means limited to the 
examples discussed herein. 

The invention will now be described by way of illustration with reference to the following non-limiting 
45 Examples. 

Example 1 

A copolymer (10g), obtained by polymerization by use of stannous octate as catalyst, and having a 
so composition of 80 mol.% lactide and 20 mol.% glycolide and a molecular weight of about 50,000, was 
dissolved in 100 cc of chloroform. This solution was cast in a thin layer on a glass plate and dried at a room 
temperature to form a film of 6 mm width x 12 mm length x 0.04 mm thickness, which was further dried at 
60 *C for three days and was subjected to examination of its shape-memory effect. The film was folded 
over lengthwise in the air at 40 • C or 50 • C, and then sufficiently cooled in the air to harden and fix the 
55 folded shape. Next the film was immersed in alcohol at 42 °C - 60 °C, and the change of its shape was 
observed. As the result, ail samples except one recovered the original flat shape in confirmation of the 
shape-memory effect of the material. The times needed for recovery of the shape at varied temperatures 
are listed in Table 1 . 
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Table 1 



Time for recovery of memory-shape 

Ethanol 



Tem P- Film-Folding Temp. Film-Folding 

„ 40°C 50 °C 

io " ■ 





42°C 


4 


min 11 sec 




no recovery 




46 


2 


00 


3 


min 24 sec 


75 


51 


0 


57 


0 


58 




55 


0 


03 


0 


06 




58 


0 


02 


0 


04 


20 


60 


0 


01 


0 


02 



25 The result shows that the higher the temperature for shape recovery, the quicker the recovery occurs; 
and the lower the temperature for deformation, the quicker the recovery is attained for the same 
temperature for shape recovery. 

Example 2 

30 

The same polymer solution as used in Example 1 was cast on a glass plate and dried at room 
temperature to form a sheet of 5 mm width x 10 mm length x 0.2 mm thickness. The sheet was then folded 
over lengthwise at a room temperature and was subjected to a treatment to memorize the folded shape, i.e., 
heating for one hour in a hot air at 40 ■ C, 60 6 C, or 80 * C. Next the folded sheet was cooled to room 
35 temperature, heated again to a softened state, then quickly stretched to flatness, and cooled. The flat sheet 
thus obtained was immersed in alcohol at 30 °C - 70 *C, and the times needed for recovery of the 
memorized folded shape were measured. The results are shown in Table 2. 
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5 



70 



75 



25 



Table 2 




Time for 


recovery of memorized shaoe 




Ethanol 


Temp, for 


Temp, for . 


Temp, for 


Temp . 


shape memo- 


shape memo- 


shape memo- 




r izat ion 


rization 


rization 




40°C 


60°C 


O U L 




0 min 58 sec 4 min 01 sec 







0 14 


1 39 


■ — 


36°C 


0 10 


0 27 _ 




37°C 


0 05 


0 50 




38°C 


0 06 


0 13 




40°C 


0 01 


0 02 




50°C 


momentary 


0 04 


0 min 54 sec 


58°C 


momentary 


momentary 


0 06 


70°C 


momentary 


momentary 


momentary 



30 The results demonstrate that the lower the temperature for shape memorization, the quicker the 
recovery of shape occurs. 

Example 3 

35 A powder of lactide homopolymer with a molecular weight of about 50,000 was packed in a 
polytetrafluoroethylene tube 2 mm in inner diameter, melted by heating at 200 • C, and upon being dropped 
into ice water, quickly cooled to solidification. A bar 2 mm in diameter and 40 mm long thus obtained was 
softened in ethanol at 60 • C, deformed into a U-shape, and was sufficiently cooled in air to fix the shape. 
Later, on immersion in ethanol at 60 * C, the straight bar shape was recovered in about five seconds. 

40 

Example 4 

A powder of glycolide homopolymer with a molecular weight of about 20,000 was molded into a bar 
shape product in the same manner as in Example 3 except adoption of the melting temperature of 260 "C. 
45 In a similar experiment of shape recovery, the original shape was recovered in about a second. 

Example 5 

A chloroform solution of a copolymer consisting of 80 mol.% lactide and 20 mol.% glycolide ws 
so prepared in the same manner as in Example 1. By immersing a glass bar 2 mm in diameter into this 
solution and lifting it up, a coating of the solution was formed on the bar and dried at a room temperature. 
The process of this coating/drying was repeated ten times at 3-hour intervals to form a thick polymer coat 
on the glass bar. After the final sufficient drying at room temperature, the polymer coat was separated and 
made into a tube 2 mm in inner diameter, 50 mm long, and 0.5 mm thick. This tube was coiled onto the 
55 above glass bar at 60 *C, and was allowed to stand for 30 minutes in the air at 60 "C to memorize the coil 
shape. After having been sufficiently cooled in the air to harden, the tube was heated again to become soft 
enough, when it was quickly stretched to a straight form and cooled to harden. When this straight tube was 
immersed in ethanol at 60 *C, the memorized coil shape was recovered in about 3 seconds. 
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Example 6 

An injection-molded V-shape clip made of a copolymer consisting of 80 mol.% lactide and 20 mol.% 
glycolide was heated by hot air to a sufficient softness, then the clip was deformed to an opened V-shape 
5 and cooled to a room temperature to harden. When it was immersed in ethanol at varied temperatures of 
50 *C - 70 *C, it did not recover the original shape at 50 *C even after a 5 minute standing, but it recovered 
the original V-shape in 36 sec. at 55 • C, in 22 sec. at 60 • C, in 8 sec. at 65 0 C, and in 6 sec. at 70 0 C. 

Example 7 

w 

The same clip as used in Example 6 was heated by hot air to sufficient softness, then the clip was 
quickly deformed to an opened V-shape and allowed to stand at 80 *C for 30 minutes to memorize the 
shape. Later, the clip in the opened shape was cooled to a room temperature, and heated again to a 
softened state, when it was quickly deformed to the original V-shape and cooled. When it was immersed in 
75 ethanol at varied temperatures of 50 'C - 70 *C: it did not recover the memorized shape at 50 'C even after 
a 5 minute standing; but it recovered the memorized opened shape in 1 min. 30 sec. at 55 °C, in 25 sec. at 
60 ° C, in 8 sec. at 65 • C, and in 6 sec. at 70 • C. 

As heretofore described, the molded articles of this invention are useful for a variety of medical devices 
owing to their excellent shape memorizing effect and also to their biodegradability. 

20 

Claims 

1. A molded article which is returnable to a previously memorized shape, comprising one or more 
polymers selected from lactide homopolymers, glycolide homopolymers and copolymers of lactide and 

25 glycolide, said polymers having a shape memory property. 

2. A molded article according to claim 1, wherein said polymers are copolymers containing 10-90 mol % 
lactide and 90-10 mol % glycolide. 

30 3. A molded article according to claim 1 wherein said polymers are copolymers containing 20 - 80 mol % 
lactide and 80 - 20 mole % glycolide. 

4. A molded article according to any one of claims 1, 2 or 3 wherein the article is a clip for tissue suturing. 

35 5. A molded article according to any one of claims 1 , 2 or 3, wherein the article is a device for preventing 
blood vessel obstruction. 

6. A molded article according to any one of claims 1 , 2 or 3 wherein the article is a device for expanding 
a restricted blood vessel. 

40 

7. A molded article according to any one of claims 1, 2 or 3 wherein the article is an actuator for releasing 
a drug from a medical capsule. 

8. A molded article according to any one of claims 1, 2 or 3 wherein the article is a clip for a cerebral 
45 aneurysm. 

9. A molded article according to any one of claims 1, 2 or 3, wherein the article comprises rings for 
attachment to the ends of an artificial blood vessel. 

so 10. A molded article according to any one of claims 1, 2 or 3, wherein the article is a hemostatic clip. 

11. A process for preparing a molded article according to claim 1, comprising the steps of: 

molding a polymer selected from lactide homopolymers, glycolide homopolymers and copolymers 
of lactide and glycolide into an article of a desired shape; 
55 deforming the molded article into another shape by heat-softening; and 

cooling the deformed article to cause the article to harden. 
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12. A process for preparing a molded article according to claim 1, comprising the steps of: 

molding a polymer selected from lactide homopolymers, glycolide homopolymers and copolymers 
of lactide and glycolide into an article of a desired shape; 

heating the article in the desired shape for a prescribed period of time; 
s cooling the article; 

deforming the molded article into another shape by heat-softening at a temperature lower than said 
first heating; and 

cooling the deformed article to cause the article to harden. 

io 1a Use of a lactide homopolymer, glycolide homopolymer or copolymer of lactide and glycolide for the 
manufacture of an article having shape-memory properties. 

14. Use of an article according to any one of claims 1 to 10 in a process wherein the article returns to a 
previously memorized shape. 

15 

Patentanspruche 

1. Formling, der in eine vorher ins Gedachtnis eingepragte Form zuruckringbar ist und ein oder mehrere 
Polymere umfaBt, die unter Lactidhomopolymeren, Glycolidhomopolymeren und Copolymeren von 

20 Lactid und Glycolid ausgewahlt sind, wobei diese Polymere ein Formgedachtnis haben. 

2. Formling nach Anspruch 1, bei dem die Polymere Copolymere sind, welche 10 bis 90 Mol-% Lactid 
und 90 bis 10 Mol-% Glycolid enthalten. 

25 3. Formling nach Anspruch 1, bei dem die Polymere Copolymere sind, die 20 bis 80 Mol-% Lactid und 80 
bis 20 Mol-% Glycolid enthalten. 

4. Formling nach einem der Anspruche 1 , 2 oder 3, der eine Klammer fur Gewebevernahen ist. 

30 5. Formling nach einem der Anspruche 1, 2 oder 3, der eine Vorrichtung zur Verhinderung eines 
BlutgefaSverschlusses ist. 

6. Formling nach einem der Anspruche 1, 2 oder 3, der eine Vorrichtung zur Ausdehnung eines verengten 
BlutgefaBes ist. 

35 

7. Formling nach einem der Anspruche 1 , 2 oder 3, der eine Betatigungseinrichtung zur Abgabe eines 
Arzneimittels aus einer medizinischen Kapsel ist. 

8. Formling nach einem der Anspruche 1 , 2 oder 3, der eine Klammer fur ein Cerebralaneurysma ist. 

40 

9. Formling nach einem der Anspruche 1, 2 oder 3, der Ringe fur die Befestigung an den Enden eines 
kunstlichen BlutgefaBes ist. 

10. Formling nach einem der Anspruche 1, 2 oder 3, der eine hamostatische Klammer ist. 

45 

11. Verfahren zur Herstellung eines Formlings nach Anspruch 1 mit den Stufen, in denen man: 

ein unter Lactidhomopolymeren, Glycolidhomopolymeren und Copolymeren von Lactid und Glycolid 
ausgewahltes Polymer zu einem Gegenstand einer erwunschten Gestalt formt, den geformten Gegen- 
stand durch Erweichung in der Warme zu einer anderen Form verformt und 
so den verformten Gegenstand kuhlt, um seine Hartung zu bewirken. 

12. Verfahren zur Herstellung eines Formlings nach Anspruch 1 mit den Stufen, in denen man: 

ein unter Lactidhomopolymeren, Glycolidhomopolymeren und Copolymeren von Lactid und Glycolid 
ausgewahltes Polymer zu einem Gegenstand einer erwunschten Gestalt formt, den Gegenstand in der 
55 erwunschten Form wahrend einer vorgeschriebenen Zeitdauer erhitzt, 
den Gegenstand kuhlt, 

den geformten Gegenstand durch Erweichen in der Warme bei einer niedrigeren Temperatur als der 
des ersten Erwarmens zu einer anderen Form verformt und den verformten Gegenstand kuhlt, um 
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seine Hartung zu bewirken. 

13. Verwendung eines Lactidhomopolymers, Glycolidhomopolymers Oder Copolymers von Lactid und 
Glycolid zur Herstellung eines Gegenstandes mit Formgedachtnis. 

14. Verwendung eines Gegenstandes nach einem der Anspruche 1 bis 10 in einem Verfahren, bei dem der 
Gegenstand zu einer vorher im Gedachtnis eingepragten Form zuruckkehrt. 

Revendications 

1. Article moule pouvant retrouver une forme memorisee auparavant, comprenant un ou plusieurs 
polymeres s£!ectionn6s parmi les homopolymeres de lactide, les homopolymeres de glycolide et les 
copolymeres de lactide et de glycolide, lesdits polymeres ayant une memoire de forme. 

2. Article moule selon la revendication 1 , dans lequel lesdits polymeres sont des copolymeres contenant 
10-90 % en moles de lactide et 90-10 % en moles de glycolide. 

3. Article moule* selon la revendication 1 , dans lequel lesdits polymeres sont des copolymeres contenant 
20-80 % en moles de lactide et 80-20 % en moles de glycolide. 

4. Article moule selon Tune quelconque des revendications 1 , 2 ou 3 dans lequel Particle est une attache 
de suture de tissus. 

5. Article moule* selon I'une quelconque des revendications 1 , 2 ou 3 dans lequel Particle est un dispositif 
pour empecher Pobstruction d'un vaisseau sanguin. 

6. Article moule selon I'une quelconque des revendications 1 , 2 ou 3 dans lequel I'article est un dispositif 
pour dilater un vaisseau sanguin retr^ci. 

7. Article moule selon I'une quelconque des revendications 1, 2 ou 3 dans lequel I'article est un dispositif 
d'actionnement pour liberer une substance medicamenteuse d'une capsule medicale. 

8. Article moule selon I'une quelconque des revendications 1 , 2 ou 3 dans lequel I'article est une attache 
pour anevrisme cerebral. 

9. Article moule* selon I'une quelconque des revendications 1 , 2 ou 3 dans lequel Particle comprend des 
anneaux pour fixation aux extremites d'un vaisseau sanguin artificiel. 

10. Article moule selon I'une quelconque des revendications 1, 2 ou 3 dans lequel I'article est une attache 
hgmostatique. 

11. Procede de preparation d'un article moule selon la revendication 1, comprenant les phases consistant a 

mouler un polymere selectionne parmi les homopolymeres de lactide, les homopolymeres de 
glycolide et les copolymeres de lactide et de glycolide en un article d'une forme souhaitee; 

deformer Particle moule pour lui donner une autre forme par ramollissement par la chaleur; et 
refroidir Particle deforme pour qu'il durcisse. 

12. Procede de preparation d'un article moule selon la revendication 1, comprenant les phases consistant a 

mouler un polymere selectionne parmi les homopolymeres de lactide, les homopolymeres de 
glycolide et les copolymeres de lactide et de glycolide en un article d'une forme souhaitee; 
chauffer Particle dans la forme souhaitee pendant une duree predetermined; 
refroidir Particle; 

deformer Particle moule pour lui donner une autre forme par ramollissement par la chaleur a une 
temperature inferieure a celle dudit premier chauffage; et 
refroidir Particle deforme pour qu'il durcisse. 
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13. Utilisation d'un homopolymere de lactide, homopolymere de glycolide ou copolymere de lactide et de 
glycolide pour la fabrication d'un article ayant une memoire de forme. 

14. Utilisation d'un article selon Tune quelconque des revendications 1 a 10 dans un procede dans lequel 
Particle retrouve une forme memorisee auparavant. 



11 



EP 0 326 426 B1 




12 



EP 0 326 426 B1 




13 



EP 0 326 426 B1 




14 



EP 0 326 426 B1 




15 



EP 0 326 426 B1 




16 



EP 0 326 426 B1 



12 



17 



